The gene responsible for both Duchenne muscular dystrophy (DMD) and the milder Becker muscular dystrophy (BMD) has been located at band Xp2l on the short arm of the X chromosome by linkage analysis,1 2 by the identification of balanced X;autosomal translocations in affected females,3 and by the detection of cytologically visible deletions of Xp2l in patients with a complex phenotype including DMD.4 5 Cloned sequences from the DMD/BMD locus have been obtained by enrichment for sequences from within the deleted region of one of the deletion patients6 and by cloning of the translocation junction from a t(X;21) translocation patient.7
The two cloned regions, DXSJ64 and DXS206 respectively, have provided a series of probes (pERT87 and XJ series respectively) that detect a variety of deletions of a few kb (kilobase pairs) to a few hundred kb in about 10% of DMD fig 4b) . No suitable probe was available to detect the duplication junction in case 1. The interpretation of the altered size fragment as a duplication junction and not a rare polymorphic variant was supported by the finding that other restriction enzymes also revealed an altered size fragment (data not shown).
The unique junction fragment revealed in duplication patients 2 and 3 provided a marker which has been used to trace the inheritance of the duplication. In both families the junction fragment detected in the affected boy was also found in their mothers and sisters (fig 4) , indicating in each case that the mother is a carrier of the duplication and has transmitted the duplication chromosome to her son and daughter. The junction fragment was not detected in the grandparents of case 3 (fig 4b) , indicating that the duplication arose in the germ line of this generation. The grandparents of case 2 ( fig  2a) were not available; however, the grandmother had seven normal boys and this would indicate that the duplication is very likely to arise from the grandparental generation in this family. The hybridisation intensity seen in these duplication carriers (fig 4) further confirms their carrier status.
DUPLICATION OF EXONS WITHIN THE GENE
Recently a cDNA clone has been isolated from the DXS206 region of the DMD/BMD locus.'2 This cDNA clone identifies 13 bands with both EcoRI and Hindlll digested human genomic DNA, and these contain a minimum of 15 exons of the gene (fig 1) . The order and map position of exons within the gene has been determined by probing a panel of DNA from translocation and deletion patients with the cDNA clone'2 (unpublished observations). This cDNA clone was also used to hybridise with the DNA of the three duplication patients in order to determine which exon(s) are duplicated. In case 1, seven EcoRI bands and seven HindIII bands (exons 3 to 10) have double intensity (fig 5a,b) . In case 2, two EcoRI bands and one HindIII band (exons 8 and 9) have double intensity (fig 5a,b) . The cDNA clone used does not encompass the region that is duplicated in case 3. The exon assignment within the pERT87 region previously reported by Monaco et all" indicates, however, that there is at least one exon located within this duplicated region. These results were further confirmed by transmission densitometry scanning. All the bands showing double intensity on the autoradiograph films also showed double dosage with the transmission densiXiuyuan Hu et al tometry scanning (data not shown). The duplication of specific exons but not others confirms that all three duplications are internal to the gene.
Discussion
Gene duplication is known to be an important mechanism in evolution for the generation of new genes.21-24 However, it has only recently been shown at the molecular level that partial gene duplication can result in a genetic disorder. A patient with familial hypercholesterolaemia was found to be a compound heterozygote with two different mutant alleles of the LDL receptor gene, one of which had a duplication of seven exons. In this case, because the LDL receptor has been well studied, it was possible to show that the duplication mutant allele produced an elongated receptor protein with reduced binding capacity for LDL. 25 The identification and analysis of three duplications among our 120 patients indicate that partial gene duplication is the essential molecular defect in Duchenne and Becker muscular dystrophy far more often than previously recognised.
In our 120 unrelated patients, we have identified nine deletions and three duplications using currently available genomic probes which gave a frequency of 7-5% for deletion and 2-5% for duplication.
Although the small population surveyed and the insufficient number of probes used here would not allow a definitive ratio of duplication v deletion to be estimated for the entire DMD/BMD locus, our study of a limited portion of the gene would suggest that deletions might be about three times as frequent as duplications. In other studies of the DMD/BMD locus, deletions have been detected in up to 50% of patients,1'0 13 15 but there have been only two duplications reported. 14 23 and duplication or deletion of a segment of DNA containing such an exon would cause a frame shift mutation. The consequence of a frame shift duplication would be expected to be more severe in general than that of an in frame duplication. In our duplication cases perhaps an in frame duplication is responsible for the BMD mutation, whereas a frame shift duplication may be the mutation in the two DMD cases. Nucleotide sequence analysis of the duplicated exons or the analysis of the mRNA from these patients or both would test this hypothesis. A detailed molecular understanding of these duplications in relation to the disease severity may give important insights into the structure/function relationships within this large and highly mutable locus. 
